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(54) SIGNAL FORMAT IN MULTI-CARRIER CDMA TRANSMISSION SYSTEM 



(57) A multi-carrier CDMA transmission system sig- 
nal format that reproduces data symbols, aligns the re- 
produced data symbole along a frequency axle, multi- 
plies the reproduced data symbols by a spreading code, 
and conducts multiplex transmission of data using a plu- 



rality of sub-carriers of different frequencies, In which a 
common pilol symbol inscrtod In a transmission signal 
for estimating a variation In channel and estimating a 
channel common to each of a plurality of users, and a 
user-specific Individual pilot symbol transmitted along a 
channel different from the above-described channel. 



FIG.3 



© 

00 



CL 
LU 



COMMON PILOT 
SYMBOL & 
USER-SPECIFIC 
PILOT SYMBOL 




COMMON PILOT 
SYMBOL ft 
USER-SPECIFIC 
PILOT SYMBOL 



^11 

m 



PS 



USER DATA 
SYMBOL 



USER DATA SYMBOL 



(a) INSERT ONLY AT FRONT 



USER DATA SYM80L 




<b) INSERT BEFORE AND AFTER 



USER DATA SYMBOL 



(c) INSERT PERIODICALLY 



Printed by Jouve, 7GKM PAftlS (FR) 



1 



EP 1 158 709 A1 



2 



Description 
Technical Field 

[0001] The present Invention relates to a multi-carrier 
CDMA transmission system signal format, and more 
particularly, to a signal format of a signal transmitted via 
a multi-carrier CDMA transmission system, the signal 
including data symbols and a pilot symbol for the pur- 
pose of estimating a channel state for each of a plurality 
of users. 

Background An 

[0002] In a mobile communications environment, re- 
ception signals can undergo amplitude variations and 
phase variations due to Rayleigh fading attendant upon 
changes In the relative positions of the base station and 
the mobile station, in phase modulation systems, typi- 
cally, data is transmitted by the carrier wave phase of 
symbols before and after operational coding, and, on the 
receiving end, information data is recognized and read 
using differential detection. However, because differen- 
tial detection involves operational coding of the trans- 
mission data as described above, a 1-bU error in the 
wireless in larval amounts to a 2-bil error in the Informa- 
tion data, so in binary phaseshiTt keying systems (BPSK 
modulation), which involve synchronous detection, the 
signal power to noise power ratio (SNR) will be degrad- 
ed for the same bit error rate (by, for example, approxi- 
mately 3 dB), ' 

[0003] Additionally, although absolute synchronous 
detection for measuring a reception signal phase at an 
absolute phase of each individual symbol makes for 
highly efficient reception, It Is difficult to determine a re- 
ception signal absolute phase in a Rayleigh fading en- 
vironment, 

[0004] Thus, for example, a method of estimating and 
corroding fading distortion using pilot symbols of known 
phase inserted at regular intervals between data sym- 
bols has been proposed (Sampci, "1 6 QAM Fading Dis- 
tortion Correction for Terrestrial Mobile Communica- 
tions 4 *, DenshiJoho Tsvshln GGkkatehf, Vol. J72-B-II No. 
1, pp. 7-1 5, January 19B9V In this method, one pilot 
symbol of known transmission phase is Inserted every 
several data symbols in a communications channel and 
the channel estimated using the received phase of the 
pilot symbol. That is, amplitude and phase of a reception 
signal for each transmission user at pilot symbols at the 
beginning and end of such data symbol interval are 
measured, and a variation In the channel for the data 
symbol interval is estimated by interpolation between 
the measured values, 

[0005] Additionally, in mobile communications sys- 
tems according to the IS-95 (CDMA transmission sys- 
tem) currently In service, the downlink involves using a 
pilot channel common to ail users, with encoded multi- 
plex slgnai transmission accomplished by using a code 



orthogonal to a spreading code for each user. At the re- 
ceiving end, the pilot channel and the data channel are 
separated by despreadlng, a channel variation Is esti- 
mated using the pilot channel, and the data symbols are 
5 demodulated using the estimation results. 

[0006] However, in a multi-carrier CDMA transmis- 
sion system, a plurality of sub-can1ers are used to per- 
form data symbol transmission, with different channel 
variations for each sub-carrier. Additionally, the trans- 
tc mission signal is spread In the sub-canier direction, so 
al the receiving end H is necessary to maKe an estima- 
tion for each sub-carrier at the chip level prior to de- 
spreading. As a result, it is not possible to employ di- 
rectly the channel va nation estimation method em- 
's ployed In transmission systems that use direct spread- 
ing (DS-CDM A) such as I S-95 described above In a mul- 
ti-carrier CDMA transmission system. 
10007] Additionally, in a direct-sequence spreading 
system (DS-CDM A) such as IS-95, in which it is as- 
£0 sumed that transmission takes place with each user 
(each mobile station) using the same channel, it is pos- 
sible to estimate the channel by multiplexing the pilot 
channel common to ait users. However, in cases, for ex- 
ample, in which communications are conducted by us- 
*s ing a user-specific beam pattern for each user (that is, 
each mobile station) using an adaptive array antenna, 
the common channel and the channel for individual us- 
ers differ so channel estimates for the common pilot 
channel cannot be used for the channels for individual 
30 users. 

Disclosure of the Invention 

[0008] The present invention has as its overall object 
35 to provide a new and useful multi-carrier CDMA trans- 
mission system signal format, in which the above-de- 
scribed problems of the conventional art are solved. 
[0009] The present invention has as lis specific object 
to provide a signal format in a multi-carrier CDMA trans- 
*o mission systom In which channel estimation can be per- 
formed for each user. 

[001 0] The above-described object of th e present In- 
vention Is achieved by, In a multi-carrier CDMA trans- 
mission system that reproduces data symbols, aligns 

*s the reproduced data symbols along a frequency axls> 
multiplies the reproduced data symbols by a spreading 
code and performs multiplex transmission of data using 
a plurality of sub-carriers of different frequencies, a sig- 
nal format of a transmission signal used when inserting 

so a pilot symbol for estimating a variation of channel and 
performing synchronous detection, 

the pilot symbol being a common pilot symbol for 
the purpose of estimating a channel common to each 
user, 

« the signal format Including a user-specific pilot 
symbol that performs communication in a channel dif- 
ferent from the above-described channel 
[001 1] in such a signal format, a variation In channel 
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common to each user can be estimated at the receiving 
end based on a change (frequency variation, phase var- 
iation) in common pilot symbol. Additionally, a state of 
a user-specific channel can be estimated at the receiv- 
ing end based on a change in the individual pilot symbol 
even when the user-specific channel is formed using an 
adaptive array antenna. 

[0012] The channel common to individual users as 
described above is a channel that can be utilized in com- 
mon by all users, and may for example be formed using 
the data channel or the same antenna pattern as for the 
data channel, 

[0013] In th6 above-described multi-carrier CDMA 
transmission system signal format, all or some of the 
plurality of cub-oarrierc used In signal transmission cart 
be used as sub-carriers wh en spreading the pilot symbol 
along a frequency axis. 

10014] Additionally, at the receiving end, in terms of 
being able to separate the pilot symbols easily, the pilot 
symbols can be made to be orthogonal on the spread 
frequency axis, and further, pilot symbol sequences can 
be made to be orthogonal on the time axis, 
[0016] Further, the above-described multi-carrier CD- 
MA transmission system signal format can be config- 
ured so that the signal format allots some of the plurality 
of sub-carriers used in the signal transmission lo the pi- 
lot symbol discretely along the frequency axis and in- 
serts a symbol sequence that multiplexes the common 
pilot symbol and the individual pilot symbol using a 
spreading signal In a direction of the time axis into the 
sub-carriers allotted to the pilot symbol. 
[001 6] At the receiving end, in terms of being able to 
separate the pilot symbols easily, the spreading code 
for the common pilot symbol and the spreading code for 
the specific pilot symbol can be made to be orthogonal. 
[001 7] These and other objects, 1 eatures and advan- 
tages of the present invention will become more appar- 
ent from the following detailed description with refer- 
ence to the accompanying drawings. 

Brief description of the drawings 

[0018] 

FIG* 1 is a diagram showing an example of a trans- 
mitter configuration for transmitting a signal having 
a signal format according to one embodiment of the 
present Invention. 

FIG. 2 is a block diagram showing a specific exam- 
ple of a configuration of a pilot symbol Insertion cir- 
cuit. 

FIG. Z Is a diagram showing a first example of a 
signal format. 

FIG. 4 is a diagram showing a second example or 
a signal format. 

FIG. 5 Is a diagram showing a third example of a 
signal format. 

FIG. 6 is a diagram showing a fourth example of a 



signal format. 

FIG, 7 Is a diagram showing an example of a 
spreading code configuration for a user-specific pi- 
lot symbol. 

5 FIG. 8 is a diagram showing a fifth example of a 
signal format. 

Prefen/ed Embodiments (or Working the invention 

[0019] A description will now be given of embodi- 
ments of the present invention, with reference to the 
drawings. 

[0020] A transmitter that transmits a signal of a signal 
format according to one embodiment of the present In- 

w ventlon Is configured, tor examplo, as shown In FIG. 1 . 
[0021] The transmitter Is provided at a base station of 
a multi-carrier CDMA transmission system. 
[0022] in FIG, 1 , the transmitter has signal generator 
circuits 100(1). . . 100(n) corresponding to individual us- 

20 ers (mobile stations). Each signal generator circuit 1 00 
(1). . . ioo(n) generates a signal corresponding to each 
user, so the transmitter has an data source 11 of the 
information (voice, data, etc.) that is to be allotted to 
each user v a channel coding unit 12 that encrypts the 

6 dala from the data source 1 1 according to a predeter- 
mined algorithm, a serial-parallel conversion cJreuil.13 
for transmitting a plurality of symbols simultaneously,, a 
reproduction circuit 14 that reproduces the data (data 
symbols) from the serial-parallel conversion circuit 13 in 

so a quantity to equal to the number of sub-carriers used 
in spreading, and a modulator 16(i) that multiplies each 
signal reproduced by the reproduction circuit 14 by a 
spreading cade c. 

[0023] Additionally, each signal generator circuit 1 00 
35 (1 ), , . I00(n) has a pilot symbol insertion circuit 20 for 
each user. The pilot symbol insertion circuit 20 inserts 
(or adds) a pilot symbol corresponding to each user lo 
the data (data symbols) from the channel coding unit 1 2. 
The pilot symbol is used for estimating a state (amplf- 
40 tudc variation, phase variation) of a channel between 
the users (mobile stations) and the base station. 
[0024] It should be noted that the above-described pi- 
lot symbol insertion circuit 20 can be configured so as 
to Insert (or add) a pilot symbol corresponding to each 
<s user to an output from the serial-parallel conversion cir- 
cuit 13. 

[0025] According to the above-described configura- 
tion, each signal generator circuit 100(1). . . 100(n) out- 
puts as a signal to each user a spread signal obtained 

50 by multiplying the data symbol by the spreading code 
and a pilot symbol corresponding to each user. Then, a 
signal ol each component ol each frequency output from 
each signal generator circuit 100(1). . . 100(n) Is multi- 
plexed by a multiplexor 50. The multiplexer 50 is com- 

$s posed of a combination unit 51 that combines the sig- 
nals from the transmission signal generator circuits 100 
(1). . . 100(n) and a time-frequency conversion unit 52 
(IFFT) that performs time-frequency conversion of the 
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signals combined by the combination unit 51 . 
[0026] The pilot symbol insertion circuits 20 of the sig- 
nal generator circuits 100(1). . . 100{n) described above 
are, for example, configured as shown In FIG. 2. That 
is, each has a switch SW1 , SW2 and a pilot symbol gen- 
erator 22 corresponding to each user. The switches 
SW1 , SW2 are switched so as to select the pilot symbol 
generator 22 for a user conducting transmission with a 
user-specific antenna pattern from an adaptive array an- 
tenna or the like that diffets from the data channel. As 
aresuil, a user-speciricpilot symbol specialtosuch user 
Is inserted (or added) from the pilot symbol generator 
22 to The signals (data symbols) from that users trans- 
mission data generator (data source 11 , channel coding 
unit 12). 

[0027] Additionally, separate from the pilot symbol 
generator 22 corresponding to each user as described 
above, the transmitter has a common pilot symbol gen- 
erator 21 (not shown in FIG. 1 ). The common pilot sym- 
bol generator21 generates a common pilot symbol used 
for a user conducting transmission with a pattern that is 
the same as the antenna pattern used when transmitting 
a data channel and a channel common to all users such 
as a data channel. For users using the common pilot 
symbol, the switches SW1 and SW2 select a path that 
bypasses the pilot symbol generator 22, and the signal 
from the transmission data generator (data source 11, 
channel coding unit 12) Is suppliedtothe multiplexer 50 
without having a user-specific pilot symbol Inserted (or 
added). 

[0028] Thus, signals in which common and user-spe- 
cific pilot symbols and data symbols are multiplexed as 
described above are processed by a guard Interval in- 
sertion unit 53, a filler 54 and an amplifier 55, and the 
processed signals are transmitted from an antenna unit 
55, The antenna unit 56 has for example an adaptive 
array antenna, and so it is possible to generate a beam 
pattern for each individual user (mobile station). 
[0029] A description will now be given of a composi- 
tion of a frame of a transmission signal lhal includes 
common and user-specific pilot symbols and a data 
symbol at a transmitter having the configuration de- 
scribed above, 

[0030] In a 1lrst example, as shown in FIG. 3, the com- 
mon and user-specrfic pilot symbols and the data sym- 
bol are time multiplexed. It 1$ possible to insert the pilot 
symbol group PS at only the head of a frame immedi- 
ately preceding the user data symbol (se FIG. 3(a)), at 
the head and tail of the Irames immediately preceding 
and succeeding the user data symbol (FIG. 3(b)), or pe- 
riodically within the frame (see FIG. 3(c)). If the pilot 
symbol length is 2 N , then user-specific pilot symbols can 
be allotted among 2 N users. 

[0031] In a second example, as shown in FIG, 4, a 
symbol sequence PS1 . . . PSk in which common and 
user-specific pilot symbols have been multiplexed is In- 
serted before a spread signal sequence of a symbol se- 
quence In which individual user data symbols have been 



multiplexed. In this example, a distinctive feature Is that 
k number of sub-carriers out of n number of sub-carriers 
is used to spread the pilot symbol. It thus becomes pos- 
sible to transmit data symbols for those sub-carriers in 
s which no pilot symbol is inserted. 

[0032] In a third example, as shown in FIG. 5, a 
spread signal sequence DS of a symbol sequence in 
which a common pilot symbol sequence CPS, a user- 
specific pilot symbol sequence UPS and individual user 
10 data symbols have been multiplexed is multiplexed. 
That is, each pilot symbol has been spread along a fre- 
quency axis and a time axis. Here, the length of a single 
data symbol DS corresponds to a length of one chip ol 
a UPS and each pilot symbol CPS, so that at the receiv- 
es Ing end the pilot symbol can be removed by multiplying 
by the pilot pattern. 

[0033] In a fourth example, as shown In FIG. 6, users 
using user-specific pilot symbols are divided into L 
groups and pilot symbols inserted periodically. That Is, 

so before a spread signal sequence of a symbol sequence 
in which individual user data symbols have been multi- 
plexed are inserted at predetennined intervals In a di- 
rection of the frequency axis, in order, from a symbol 
sequence PS1 multiplexing a common pilot symbol and 

& user group 1 user-specific pilot symbols to a symbol se- 
quence PS2 mulllplexing user group 2 user-specific pilol 
symbols (In which common pilot symbols may be Includ- 
ed) to asymbot sequence PSL user group L multiplexing 
user group L user-specific pilot symbols (In which com- 

30 mon pilot symbols may be Included), By such a config- 
uration, 'is the number of pilot symbols is 2 N , then It is 
possible to a lot user-specific pilot symbols among 2 N X 
L users. 

[0034] Theconf iguration of the spreading code for the 
33 common and user-specific pi lot signals mayforexample 
be as shown In FIG. 7. 

[0035] In this example, one common pilot symbol 
(common) and three user-specific pilot symbols (tt1 r #2 
and #3 (are used) . Additionally, it Is assumed that all pilot 
<o symbols assume the value "1 M . 

[0036] At a time tl , each pilot symbol (common, #1 , 
#2 and #3) is orthogonal to the coding sequence spread 
in a frequency direction. At a time t2 synchronized with 
the next symbol, the spreading code shifts by one chip. 
& This operation performs pilot symbol cycliclzation. In so 
doing, the pilot symbols are orthogonal to each other at 
each respective sub-carrier fi , f2 f f3 and f4, and by mul- 
tiplying by the codes of each respective time from t1 to 
M it is possible to separate the common pilot sequence 
so (common) and the user-specific pilot sequences (#1 , #2, 
#3) allotted among individual users. As a result, by stud- 
ying a state (amplitude variation, phase variation) of 
each pilot symbol obtained by separation, a state of 
each Individual channel (data channet (common), chan- 
ts nel #1 , channel #2, channel #3) can be estimated. 
[0037] Further, a description will be given of a fifth ex- 
ample of a frame configuration of-a transmission signal 
that Includes common and user-specific pilot symbols 



7 



EP1 158 709 A1 



a 



and data symbols. 

[0038] In this example, as shown in FIG. 8, every p 
carrier among n number of sub-carriers is used as a pilot 
carrier Just for the pilot symbols, with the other carriers 
used for the spread signal sequence of the symbol se- 
quence In which individual user data symbols have been 
multiplexed. For each pilot carrier, a symbol sequence 
is transmitted In which a common pilot and a user-spe- 
cific pilot symbol have been multiplexed. 
[0039] It is preferable that a pilot pattern having the 
smallest possible correlation (for example an orthogonal 
code) be used as the pilot sequence. 
[0040] According to such a frame configuration, the 
period of the pilot pattern can be lengthened and It Is 
easy to reduce the correlation between pilot patterns. 
[0041 ] Additionally, a state of a channel of a sub-car- 
rier other than the pilot carrier can be obtained at the 
receiving end t rom the channel state estimated from the 
pilot carrier using a method such as, for example, Inter- 
polation. 

[0042] As described above, according to the present 
invention a state ot a channel common to all users can 
be estimated at the receiving end on the basis of a 
change (amplitude variation, phase variation) in the pilot 
symbols. At the same lime, even when having user-spe- 
cific pilot symbols for users and using an adaptive Hrray 
antenna to form a user-specific channel, by making the 
above-described user-specific pilot symbols corre- 
spond to a specific user, a channel state corresponding 
to such user can be estimated at the receiving end on 
the basis of changes in the user-specific pilot symbol 
Accordingly, even in a multi-carrier CDMA transmission 
system in which individual users utilize a common chan- 
nel such as a data channel, or utilize user-specific chan- 
nels, channel estimates can stiil be performed for each 
individual user. 



the plurality ol sub-carriers used in signal transmis- 
sion are used as sub-carriers when spreading the 
pilot symbol along a frequency axis. 

5 3. The multi-carrier COM Atransmlssion system signal 

format as claimed In claim 1 or claim 2, wherein the 
pilot symbols are orthogonal on the spread frequen- 
cy axis, and further, pilot symbol sequences are or- 
thogonal on a time axis. 

10 

4. The multi-carrier CDM Alransmission system signal 
formal as claimed In claim 1, wherein: 

the signal format allots some of the plurality 
of sub-carriers used In the signal transmission to the 

19 pilot symbols discretely along the frequency axis 
and inserts a symbol sequence that multiplexes the 
common pilot symbol and the Individual pilot symbol 
using a spreading signal In a direction of the time 
axis Into the sub-carriers allotted to the pilot sym- 

20 bols. 

5. The multi-carrier CDMA transmission system signal 
format as claimed in claim 4 t wherein the spreading 
code for the common pilot symbol and the spread- 

6 ing code for the specific pilot symbol are orthogonal. 
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Claims 

40 

1. In a multi-carrier CDMA transmission system that 
reproduces data symbols, aligns the reproduced 
data symbols along a frequency axis, multiplies the 
reproduced data symbols by a spreading code and 
performs multiplex transmission of data using a plu- *s 
rality of sub-carriers of different frequencies, a sig- 
nal formal of a transmission signal used when In- 
serting a pilot symbol for estimating a variation of 
channel and performing synchronous detection, 

the pilot symbol Including: a common pilot so 
symbol for the purpose of estimating a channel 
common to each user; and 

a user-specific pllol symbol that performs 
communication in a channel dfffcronl from the 
above-described channel. 99 

2. The multi-carrier CDMA transmission system signal 
format as claimed In claim 1 , wherein all or some of 
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